Metal ion binding properties of hen ovalbumin and S-ovalbumin: characterization of the metal ion binding site by 31P NMR and water proton relaxation rate enhancements.
In this study, water proton relaxation rate (PRR) enhancements have been used to characterize the binding of metal ions to native ovalbumin, ovalbumin in which phosphate has been enzymatically cleaved from one or both of the two protein phosphoserines, and a heat-stabilized form of the protein (S-ovalbumin). With Scatchard plots constructed from water PRR enhancements, it was found that native ovalbumin and S-ovalbumin had one strong binding site for Mn2+ ion (KD approximately equal to 6.0 X 10(-4) M). Alkaline phosphatase treated ovalbumin, a protein having a single phosphoserine, had one Mn2+ binding site of slightly weaker affinity (KD approximately equal to 8.3 X 10(-4) M), while acid phosphatase treated ovalbumin, a dephosphorylated protein, had two much weaker Mn2+ ion binding sites (KD approximately equal to 1.3 X 10(-3) M). Competitive binding studies on the native protein suggested that Zn2+ ion competes with Mn2+ for the single strong-affinity site (KD approximately equal to 6.1 X 10(-3) M) while Mg2+ and Ca2+ do not. In a second set of experiments, the paramagnetic contribution to the 31P spin-lattice (T1P) and spin-spin (T2P) relaxation times at three separate magnetic field strengths was measured. Correlation times tau c characterizing Mn2+-31P dipolar relaxation were estimated from the ratios of T1P/T2P at a single field and from the ratios of spin-lattice relaxation rates at three different field strengths. The correlation times so obtained, ranging from about 0.7 to 7.7 ns at the three field strengths, were used in calculating distances from the bound Mn2+ ion to the phosphoserines of native ovalbumin, S-ovalbumin, and alkaline phosphatase treated ovalbumins. It was determined that the phosphate of phosphoserine-68 was 5.95 +/- 0.26 and 6.29 +/- 0.18 A from the Mn2+ in the native and alkaline phosphatase treated protein, respectively, and 6.99 +/- 0.30 A away from the Mn2+ in S-ovalbumin. The phosphate of phosphoserine-344 was determined to be 5.31 +/- 0.20 and 5.75 +/- 0.10 A from the Mn2+ ion in native ovalbumin and S-ovalbumin, respectively. The 13C nucleus of [1-13C]galactose enzymatically transferred to the nonreducing end of the ovalbumin oligosaccharide chain was not found to be significantly relaxed by Mn2+ bound to the protein, even at 1:1 stoichiometric ratio of metal:protein. Using this, we estimate the nonreducing terminal of the ovalbumin oligosaccharide to be at least 39 A from the metal ion binding site on the protein.